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Abstract 



PROBLEM TO BE SOLVED: To provide a field-effect magnetoresistive element and a preferable 
example of device constitution. 

SOLUTION: This magnetoresistive element is composed of a first magnetic body with which the 
element is constituted by attaching a magnetic spin suppressing layer to the body, and a second 
magnetic body which is not in contact with a magnetic spin layer Conductivity control is performed 
by connecting the first and second magnetic bodies to each other through a conductor which mainly 
mles ballistic conduction, and by impressing an electric field upon the conductor or urging the 
conductor to induce carries. The second magnetic body which is not in contact with the magnetic 
spin layer is utilized for a magnetic memory, reconfigurable circuit, etc., as a free magnetic body. 
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^ . loooo*^ tiTr*) ^zttimtt\.'>. 10000 

[00651 01 3<^imXli. ^tl^tl. b'-y MR{i 

t-|.^^tw-:>v^T*LTV^§*i. b'-y hm.mzJ:i.WM 

§iX7tfiST'B.o. ^yxmbT^rlzmStlZtm 
ait^t ';-b;WBJO!gJi{ij»§m:/](^,df>^> 5 0 0 nm 

C0066] mzmi saximieiz. mmm^i^zx 

t. 01 SiiFE[izm^tilx-( >y^S^±Kf^L 

"^yxmS-t^io. ft^fflStiooooiiio^tii-tyi^o 

eiajiBpwi. 01 9<ni,o^j:m,mm^m\^hzbX'm 

^iv-fh z t t>K'^rzib. ns/mtmrnzmmx'^ ^ 
±x'nt Lw. 

1 0 0 6 8 1 m^^^t'j mmu^m^. mmm. 
0 2 0 Lfz i 0 izEMttm, mm<7)m^ ^ ^ 

[00 69] zzx'm^hti^m.^%^mc^'7-vwi'^ 



[0070] mizmmm&<7)mt:t;mz^ir. 

[00711 l ) t-f. so I (SiUcon on In 

sulator) /SiOja^^Mi'^T. S i £0»5rf^^Lfc. 

[007 2 ] MtfcS5(:x.yr^ y^lci O^M^fcU 
tiSOl m^M^LXSai (20)/Si02 (25) 2:JB^ t/::, 
ZZX\ Si02(25)ii*c^P'yxh«ctLT«fflL. EB 

(li^b'-i.) snxsrSSL, 5-50nfi>com^^-r hsm 

i«l -10C/cm2 T3b-^tl, ^mzW N' y 7 r - F 7 </i! 
(HF=0.2iiiol/K NH4=0.2mol/l) 5rfflV>Tffo3t, ^(0 

RiE (Rmit^^y^-yT-^yy) ^n-^x. s 

=JXhi^ff)Si02m^f^V. 0fa«O5-5Onm-t>fXi7)S 

.lioa. PSG (i;y-ir^gr*'^x) 

2rffll^tOUyo2!5j£MS:$r8 0 0'C-Ci^l O^J-iSJKff 
^'JTjgJgJi, 1017 - 102 VcmncLf^. JitCS iMHf^ 

iS^iSHkSrtf-^-C, @*>'2-10nii^<?)S i K>y 

Uhm^ Uz. ZiUzX'O. ^ - =Jyy(r)^ 

co^]yi^xhmmmi (09 (a) > . -eoit^ 

[007 3] -9-y7VH 
Ta(l)/CoFe(15)Aa(15) 

(;<r-y3|*IcOWu{inm) 

09 (b) ic^t^ti z<r>'fyy°Mzvyh^y 
'Srfc'iOIgSriitT. 09 (c) (c^-f-J: 3 fcSgJ^« 

mim^mmtLxcoKmm.^m'tmA5)mm 

m (09 (d) ) . ^cr)mWii,mmcr>7thUV^^yy 
-f •y^'XgSrMT, 09(e) cO^JSSrf^figLTt. ftf* 
iCSSg«i:Ta(5)/Cu(2OO)/Ta(5O)^09 (f ) iZ^tto 

[0074] #tf;L5t«^tC«LTi'h^*^^>®^SrEp^ 

-t^TTti. ^1 Onm. J?;?i2 0 nm, #§250nm 
[00751 -tyTfl^ 1 ^JPXtftrfR^fcfcv^TSiaT' 

[ 0 0 7 6 ] i 'ommzm§S:i:mm-rifziib, tmr 
(5K) izx'n-^tihzb. mm.tnS£mi±m3o 

xx'h-^tz. 

[0077] ZZX'li. m9{,Zir^LtzT.mzX D«^JD 

■Lim.Lfzt>\ zixi,zmh-ftmm.mm^ti> 
if)^ ziii,zm^^\'\ 
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[0 0 781 ttz. ZZX'ltmmtlrCoPeimi^fc 
tiK Fe, Co, Ni, FeCo-^^, NiFe-^^. CoNi-&^. NiFe 
Cff^. ScSl'^tiFeCr. FeSiAl. FeSi, FeAl, FeCoSi, 
FeCoAl. FeNiPt. FePd, FeRh. Felr, FeRu, FePt, FeV 

[00791 t^iimUf^t LT(i. ±fc LTCuS:ffl(r^7t 

Au Ag. Au. pti:m\'^ri>msmimjmm^ti 

[00801 tfcmm^tiitLXti. PtMnSrffll^fC 
i)K PtPdMn, FeMn. IrMn, NiMn^fflV^T tfi8«»fit3t^ 

[00811 mmm2)si/s[o^m.±izmmi-:L~ 

[0 0 831 -^-yTyi/ 2 

AuCr<0*I.V^{±0.5)/CoFe(45)/Ta(15) 
AuCr(0*»l. (,^t±0. 5)/A10(0. 5)/CoFe(45)/Ta(15) 

^m-t^mmc^mb Lxim9iz^ttzytv u v 
[00 841 i;T\ mn¥bLxmmm^sL-r^ 

mw±cr,mm<7)mtt^b txsio^ (zoom) ^m^^fz. . 

Cu(200)/Ta(50) IrfflV'.TS^ o 

[00851 ^fc. Aio{ )c7)( mffMii. mmm 

n«f*, mmttn^m^'^x-mitt^zt^mmL 
xmLfz. ^mmmx'iio.sn^A 1 ^K^§-ti-T# 

[00861 f^Jft t/v:fl^(cStLT^haJ*»4.?i*5:E|Jpr 

(D^ijmzw-mzm uz . 

[00871 •9->r;I^2SrJnXL7tS^t;fcV>T. 
[ 0 0 8 8 } J: ^miz9J}^i:fm-t^fzi^. i&i^T 

{ 5 K ) tTff o 3t t i 5, mm.tji^i\:miims 1 2 

XX'h-yt: (H2 2#B§) . 
[00891 i/cl^y^VI^S SrJlIItytr^^-fcfcV^T 

[00 901 ffiST(5K) izx^^tzb^b. mm, 
^mimn2 2%x'h'^tz. w&.wt\mwx'hh 
m't:>.-^t<o^ii,zm^^itLtz^ffiiiiiK 



i <x\^ym^n.=^^tMmx't>hz t ^^tx 
[00911 zzx'ii. lI9i:*L!tigt J: *)m'?-m 

[ 0 0 9 2 1 ^ C:T{ilKtt<*ct LTCoFeSrMV^it 

A>', Fe, Co, Ni, FeCo-^ife, NiFe-^^, CoNi-g-^, NiFe 
Co-^,. ^,•l>V^^SNiFeC6-i/'ry^ti5. <bl.>'^{iFeN. Fe 
TiN.FeAlN, FeSiN, FeTaN. FeCoN, FeCoTiN. FeCoAlSi 
N, FeCoTaN. JiSliJiCoFeV.CoFePt, CoFeTa, CoFeBlC 

[00931 mw-b LX. ZZ t:'{±*lM«^i-y 

*^'f#^>ii5/;i6. iit{cRg4.^vn z<rm<r)^3.-v<n 

mi. 2nm-30nmSjg-C'J>l.. 
[00941 tfc1ES#:i: tT«. ±b UTCuSrfflV^fc 

Ai. Ag, Au. ^\.^^\^x%mmsMimm^ix 

it, 

[00951 ^ ^^R3SlH±f*t UTJi, PtMn7tlfC=5r 
<. PtPdMn. FeMn. IrMn. NiMn^fflV^Tt. ^^^mS^ 

[ 0 0 9 6- 1 ^ s I ^\,tm!&>mmh 0 \.z%mim 

^WChi>. CoPt, FePt. CoCrPt.CoTaPt, FeTaPt, FeC 

rPt^EgL-tt.ii©±. mm&cr)-ui^m.:t}i 
^i-ifc^. mm.commmc.iti}mmx'^fi. 
[00971 (mnm 3 ) si/sio^s^itcfev^r . ^ 

[00981 •^>'T;I^4 
NiD(50)Aa(5) 

IL. ^cof^;^A->y^'^s-fflv^T-t>'r;W4BLh»«^ 

fc L-TAuCr (OibS I'lttO. 5)/A10(0.5)/CoFe(30niii)/Ta(l 
5)?:J«« • JraltT. 03 ( b ) (7)iBa«S^S:^l«:$ 

coij^Mchmixi^h. zff)mx'$)hb^. AhmmsE. 
[00991 zzx'imi/^b Lxmmi-^-ym 

V>T, ffi14#:ra*^'ft/hgBT'<7);R§|«;250nBi, 
^*^i-7'c0itg^{c3;t'9, *«)3ni!i-C-J)-57J:, 
iii±.m.mK<om^b UXSlOj (200nn) $•fflUT^r^ 
I., mmi^b Lt:(iTa(5)/Cu(200)/Ta(50)*fflV^T^^ 
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[ 0 1 0 0 ) *iijifla]^cT*-ri 0 tc. mmm^mm 

HloieSJ:0i>®1f=5:f^i!6*ftLv^, »cll3 (b) 
BtCii;ai-4±T% 03(a) fOffiSJ: 0 t.1BifiE^/iJ6 

[01011 ^mt^hm.^^imL. nMwm^'mm 
[0102] ■^yr)VA ^jaiL7t«^(cfcv^T. Sia 
[ 0 1 0 3 ] i ^m^m^mmthtzv^. 

( 5 K ) l^Tff t ^ -?> . 8l^tiilS-fb*{ift?g 2 2 

[0 104] ZLX'M. HQtc^L/ilStciOS^jD 

m=Hfimix'%ix\i. ^mmfmmm^mhtz 

[0 1 0 5] ggi^T. ■9-yr;M^3nxLt:#^L:^^« 

O2 (lOOnm) <7)ti-h 0 . SI?^EpnrffliO^'- h . 

nin)/Cu{150)Aa(50) S:fflV^f^, 

[ 0 1 0 6 ] h«ffi^fflV^T. «I^EpnJ5-lV;f;>A, 

[ 0 1 0 7 ] i/S. ClClTii^ttt^ti; LTCoFe^ffl>,^7^^ 
if, Fe, Co, Ni. FeCo-^^, NiFe-^^. CoNi-^^, NiFe 

zo^±m\ ^x t m^m^ithmm^Mz , 

[0 1 081 y-Ma5c7)f6SM*i: LT^^J'o^-r 
[0109] t-fzmm^t LT«i. ±t LTCuSrfflv^^rc 

Ai. Ag. Au. ?ti:m^^xhmM.tji^iU)mm$ti 

[0110] ttimmti^b tX\i. ffiSHt^NiOSr 

fflViyc*^ a-FegOg, CrO/NiO. RFeOg (Wi^i^STC^ 
T', La. Ce, Pr, Nd, Sm, Eu, Gd. Tb, Dy. Ho, Er, T 

Yb) s-fflv^Tt. mmsn^it^mm^tit:. 
[0111] mtm4 ) mmmitmmtc^mx\ t 

■f , so I/SiOj««$:ffl»,^T, S i c^fflHSrf^^L^. 



C 0 1 1 2 ] flffaiO5-50nmHf XCOS i COm^iWz 

'ik. PSG {')yy^W}y:^) ^fflv^Tcouycoate 

ties- 8 0 0 -cxm 1 0 "ftmtiiw tsmm\,z v-r t 

izuz. mzs imif^SLmz. m&mmizm^^mx 
^x2.5nm^(r>mmmmis.Ltz. mizsim 

i^mmz. m^mm^zmkitizx-^xi^nmmcrtmi 

mvmmit^n':,x . mn-ionwm&<7)s i k-v bim 

^ifiWm^tlh. ;^0±{CTEOS (Tb7XVdfi^7 
y) li5:20-100nieSit«L, |gtC^co±ty- h^ffi 
tUTpoy-S i^r'-h^#^U^, f^jgUc>-'-N 

«{i02 r "/ i^y'/(r)mM^^^'i:m\ n . 10-100niiiT# 

^ifz. *mnm(D^mttxn. mmmx-h-yrz. 
L<Dmimxm^zm^co^m]^i^:^hmimL. 
<D±.iz^itx/^^y^f^m\-'>x&.T(7Mmx'ryrjm^ 
mtfz. 

[0 113] vyr)U5 

Ta(l)/CoFe{i5)/Ta(15) 

n->fz. ftt^(:«fil<*:Ta(5)/Cu(200)/Ta<50) 2rEI9 

( f ) izin-TJ: a ^zmmth ztizi*). m^^^is.^ 

^fz. tfzK^m.'&i^tLxpmmim\<^fz> 

[0114] i^&UzmTizntX9\-Mi}^hm.^t:m 

uz. m^<r>(p^i,mmco^i}mzTiTi>zmifz. 
[0115] y'-hms5rfflv''T, m#En»rs-ivA^^> 
5v*tm§-t, icnmm.ijimt^mMxis&&ifz 

m-^tz^^f^zmd^K ^f\w\-izit^x\Si<^£hw& 

imLX\^h, ■m--kQi)^t:,lViMltz^-^\,zl,tW^ 

fz. $f>(c. m^^EP^LrvK t. «^j5VT'ia»ffifii 
[0116] ■ty7VW5^JiiiU/:;«^tfcv^T^ia-c- 

mm^ixtzmmmLm\iMjB%x'h'>tz . 

[ 0 1 1 7 ] i Ol^tJSftMSrlPiftS/.:*^. fiiaT 
( 5 K ) {CTtf o/ct C:^, lSMJSt)i^^*JSig«3 0 

[0118] CliT'Ji, ll9(cSLy::Xglci Om^JD 
[ 0 1 1 9 ] i:^:. ^ ZT\mimt LTCoFeSrfflv^^ 

Fe, Co. Ni. FeCo-^. NiFe^, Crfli-^^. NiFe 
Cb-^. iiSl^JiFeCr. FeSiAl. FeSi. FeAl, FeCoSi. 
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FeCoAl, FeNiPt. FePd. FeRh. Felr. FeRu, FePt, FeV 
[0120] tti&miiiib UTti. ±b LTCuSrffli^:^: 

iiK Ai. Ag. Au. pti:m^^-zhmmsjmiti}mm^ti 

tz. 

[0121] tft^^mmt LTfi, Ptlh^fflt,^^ 
ifi^ PtPdMn, FeMn. IrMn, NiffaSrfflV'^'r tl8$S^fil^-(fc 

tmm^ivtz. 

[0122] (mims ) si/si02a«±tc^sf-i- 
iSritSL. ^(Dmyyty\zx%m^<r)m,)^-^ 

[0123] mz^'ltxn-v ^'SrfflV^TOT'OgffiT'^?- 

[0 1 2A\-^yr)Vb 

AuCr(OS)S U{iO. 5)/A10(0. 5)/CoFe(45) Aa(15) 

^^97 4 ^v^>tJ:■)J^if^\,^x. m:mzmi (d) 
-fi^=5rf^^^5r^fi£§-t^c, imwmwx'h^»mit 
crysiQ^'f-vmtmimm-mamX'.. y-vw&t L 

[0 1 2 5] ^^-C, ^f4ctL-C*«^^i-:^S: 

\i^^:^-r<r>mk^^zmz^. msmX'h-itz. e 

Slft±iOfiS^cOi^f*:i: LTSiOj (200niii) ^fflV^/c. 
R^^ttfri: LT{±PtMn{60)S-, LT{iTa(5)/ 
Cu(200)/Ta{50)$-fflV>T*^S-^$-t-t. 
[0126] ^fc. AIO( )C0( K^LJliaBU 
<^Al<7)ig|t-|SilfO-^tHi^*L.. ||(it{iA1^0.3~0.7 

nmmm. ^■^^mmmxmtth^tmr&L 

Xfmtfz. *|ltt^jT(i0.5nmiDA 1 iMt^'tX^ 

mvx\^h. 

[0127] ^^Ltzm=!-^z»Lx^ym^t,m.^^m 
t, mmmc^'m.w&^mmi.fz. m^(r)'m\iw 
(nmij^izT^zm Ltz . 
[0 1281 -tyr^ueSrJnitJts^ccfev^T. 

[oi2 9]ffiiaT(5K) {zx'ii-itzt^b. mm, 

t.z^mzmLfz. 

[0 130] y-h^ffi^ffiv^T. m#EpBrs-iv*^f> 

svtxm'c^^. ^<nmmimitimmM'&Lfz 

m-^tz^^zwm. wm^zVi'<^x^<^j:hmt 

^S^LTV^I,. %^i:Ot^t,lVfmLtz^^\,z\±Tm, 



T , mmmmtmmx-% h . 

[ 0131 ] ttz. ^ZX'frmmt bTCoFeSrfflV^fc 
Fe, Co, Ni, FeCo-^, NiFe^. CoNi-g^. NiFe 
Co-^^. ^il-V^^jNiFeCo-i/TVli*. J>l>V^{i:FeN. Fe 
TiN.FeAlN. FeSiN, FeTaN, FeCoN, FeCoTiN, FeCoAlSi 
N, FeCoTaN. S)^l^{±CoFeV,CoFePt, CoFeTa, CoFeBtC 

[0132] {mwb Lx. ^^x'\m.mmm^^-^ 

ifi^htlhfziit)^ dfltlS^p^V^ ClcO^cO^i-ycO 
liti. 2niii-30niS«T-$>l). 
[0133] ttzn&^t LXii. ±t LTCuSrfflv^fc 
*\ AK Ag. Au, Pt^fflv^TtK^lS^^b^WJ^il 

[0134] t-tzK^mmft Lx\i. ?mntznx'tc 

<, PtPdMn. FeMn. IrMn, NiMnSrfflV^Ti). WmSK^ 

[0135] hh\Ai.m!m.^crmhmz-^%mm. 

'&.ikX'hh. CoPt, FePt, CoCrPt.CoTaPt. FeTaPt, FeC 
[0136] {||M^J6 ) GaAs(001)SS±l::^7C^^ 

^jLt'^^i^-^mim\'^xaTcrmmx'^yr}i^if^ 
mtfz, 

[0 1 37] -ry7VU7 
GaAs(100)/MnAs(15) 

GaAs(100)/^hAs(50) 

:^Vyr>UX'U. GaAs»Kt«tT. $56 0 O'ClZTAs 

-?-iO_hfcGaAsli$-^N'-y7r-ai: LTl^jS 0 0'C£7)i5ia 
4't-rit«$Ht, -B2 0 0-2 5 0^CcOttT\ h-f 

i3><Dmyy-y^7.msi(7)mi,zmsm^im^^z. mm 

t/iMnAs{i(-1101)ffiSrBg«ffii:tTV^&. itzMm^ 

^tzmmm^f}^^ . myrmmzum^mii. 

(-110]GaAs:fr{4$-*LT V^i. i t imU^tltz. 

[0138] zcr)'*ryyMzm9 izin-tx o^yth'j 
xhmm(^^'^9-ym.izxm^L. T>\^:fy^:^y 
- yjmzfih i. bmm.xhh^yyivi . 

'm^^f'^')x^^-j'^^^mmz-fh^bif'!i^ 
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[0 139]CC:T\ fflV>:ite^Wi:Au (lOnin) 1 

(C, R5SJaffi*i tTPtMn(60)Sri(ia • MX^mi. « 
UT. Ta(5)/Pt(20O)/Ta(5O)^itW • JpXJrife 

[0141] mtf^m^imi. «ffi*ra<o«M» 

[0 14 2] '>ryrii7isXtf'fyr)i^8iii\\Ttfzm 

[014311 ^miz^mwm~tifz»b. mi&T 
(30 OK) izxn-ytzt:!^^ mm^tmitmit-fy 

1 IXX'h-^fz. S4>tifiiaT (5K) (cfcf>T{i. IS 

^Jjt^^k^fi-^-yr/i-Ti^jb-ir^TftjSisj^, •»f>7- 

;^8l'fcv^TftlS2 0%t'Jb-5y::. 
[0 144] ^yr)i8<Dmf&lzx . i^Wt 

$^50ni. tl • S$A<*!j20niiitCT|^«<?)ia9 ( f ) c7) 

[0145] *«^{ct5ki-c t , mmiiimmm^ 

[oi46]aiaT (300K) izxn-yfzkz^. m 
%miL^mii9L»i 3%, zi>{zimT (sk) ^za 
v^TJi, mMtx^imims2 2%x-h-^t:. 

[0147] :i::X'i±, m9i,z^trcJMi>zX 'om^M 

[0 148] tit. zzx'iimt^t ix-7y/fyT- 

MnSb. ^^l^tiQDA (QJiSc, Y. 9^^/^ K. Ti. Z 
r, Hf, Nb, Ta. lni}^hm\itd-z'yts:<thim. AtiC, 

N. 0, F. S*'^,gHftX!t^-'5r<i:feia. DJi. V. C 
r. Mn. Fe. Co. Ni/i>^3l{fil7tii'^^< fc t> 1 «). hi 
V^tiGaltiN. AlHnN, GaAlMnN. AlBMnNI|(?DRDA (R(i. B, 

Al. Ga. ln*^^>Stffl!tl«. D{i, V. Cr, (ti. Fe. C 
0. Ni *»^>a{f^t7tia, AtlAs. C, N. 0. P,S«^4.a«f 

fifzim) m\zm.^tihis<T)^m^\x{,m.mMc 

t^^^fiX^^h. 

[0149] tt:^Wk. Lt<4. ±fc LTCu^fflV^^t 

Al. Ag, nm\^xi,m.^m^^ifiwm^ixtz. 



[0150] ttzmmimt hx\i, vx^^m^^tz 
mmwz. 

[0 151] (HMfifJ?) GaAs(001)^rfiE*M±fc^7t 

[0 1 5 2] -tyryu 9 

GaAs{100)/MnAs(15) 

■9-y7°/u 1 0 

GaAs(100)/MnAs(50) 
(*fiil±na) 

^iJ-yr/W-Cfi:, GaAs»K$-$«j6 0 0'CtC-CAs77-y^' 

GaAslf'>'N'-y7r-at LX^b 0 0'C<7)Sia+CCTJft 

§4,(^200-25 0'CCTAs77 •v9X^'i>- 

mAs®S:«W$-t^:f^. it«Lf^MiiAs{J(-1100)ffi$:fi£ 

^mtLXK^h. ^m^'itzmcnmm^t'h. m^y 

rMib t IC. ®fl:§,iSt{i:[110)GaAs:frfitS:^L.Tl-^ 

[0153] zff)'^yr)V(r>o%^yr)X'9\izWkm5 
i.z5pLtz<7}tmm(nxmti'>x. 09 (f ) 

[0154] m^^tzBmmihn (lOnn) MT, ■7X^' 

UhLXit^'JVi^xyk. Sl^ttim^lljtftftiSrfflv^ 

S/jNgP*^'J^10nmiCTlDlSr^f-:>/t. ^S^MJiSiOj (100 
rai)*ffll,^^:. K5SlSft*tLTPtMn{60)*, mS*fc 

LTTa(5)/Pt(200)/Ta(50) 

[0155] Ha5*^4>is-?fS:En^L. mffif*fflcoiim!it 

[0156] ^^y7VU7^aio:tA:«^lc:fcv^-C. fiaiM 

[ 0 1 5 7 ] J: *)wmi.zmkimm'htz>sb. mslT 
( 3 0 0 K ) izx^-^tztzh. mmsn^mMMm 
1 3%, § '^.(c^igT ( 5 K ) tfcv^Tii, msmm 

miiM!M2 5%Xh':>fz, 

[0158] -i5X\ ^yr)Vi oMmm^ffMm^ 

±hLxm!m.w.x'h^zbt)^^->-^fz, ^z 
x\ ^yr)V8<r>mtWin(nmmzy a V 'J y/7 7 

7 9 ts:^m^m\ ^TJPX L . ^(TilizWm t LT CoPe 
^mk-mXL. ^frfct-CAu (lOnn) HSIrfflVV 

■?x9i^t Lx\ir^=Ji^=Jxh^. m^iz\im'fn%'& 

^^T^ta:S•^f-:>!t. -e^Oifc^JKSiOz (lOOnin)^rit 
«tJt. nm^t LTTa(5)/Pt(20O)/Ta(5O)^ffl(-^t:. 
03 (b) c7)ffiBg$-^ilU^. 

[0159] zzxmm^^mmmL. wmm 
mm^^mmLtz. 

[016 0]-ty7-;H0S:JDlL^r*^fcfcv^r. iigt 
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mimitmm-^i ex. § ^.tcisar (5k) iza 

[0 1 6 2] $A>tz, ^yriui Q<nmmzx. mmw 

S$*«j250na. ig • S$*«|?C0nii(:TI23 ( b ) <m^ 

[01631 W&.Wt LTCoFelr. %m.Wt LTJiTa 
(5)/Pt(200)/Ta(50)?rfflV^«:. 

[0164] **i^tfcvi-c t> . msmmdmm^ 

[0 165]miaT(300K) ^ZX'^-ytzt^Lb. ^ 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] [0001] [The technical field to which invention belongs] The magneto-optic 
disk, hard disk by which this invention is used for an information communication terminal etc.. The reproducing 
head of magnetic recording media, such as a digital data streamer tape drive (DDS) and digital VTR The magnetic- 
reluctance sensor represented by the stress, acceleration sensor or heat which detects the angular- velocity magnetic 
sensor for rotational-speed detection, stress change, acceleration change, etc., the heat sensor using change of the 
magnetoresistance effect by the chemical reaction, and the chemical reaction sensor, They are the magnetic solid- 
state memory represented in magnetic random access memory (MR AM), recon figure skating bull memory, etc. 
or a current switch (magnetic switch) element by the MAG, and the thing with which a voltage switching device 
etc. is related further. [0002] [Description of the Prior Art] The memory using magnetism can realize memory 
[ **** / un-], because stores as memory the information on the spin which the magnetic substance has, and it is 
considered to be one of the devices excellent in realization of a future power saving and high-speed information 
terminal. The artificial grid film which consists of the magnetic film which carried out switched connection through 
the nonmagnetic membrane until now It is discovered that the huge magnetoresistance effect (GMR) is shown 
(M.N.Baibich et.al., Phys.Rev.Lett.61 (1988) 2472.). The proposal of MRAM using the GMR film was also made 
(K.T.M.Ranmuthu et.al., IEEE Trans.on Magn.29 (1993) 2593.). the non-magnetic layer of the aforementioned 
GMR film -- conductors, such as Cu, - although it is a film, the research of a tunneled type GMR film (TMR) 
which used the insulator layer of aluminum203 grade for the non-magnetic layer also prospers, and MRAM using 
this TMR film is also proposed Realization of an output with bigger MRAM using the TMR film than the thing of 
a GMR film and high-density memory is expected. In connection with it, the possibility of an alternative of high- 
density memory, such as DRAM, is also beginning to be examined, and it waits for establishment of the architecture 
in the 10 nanometer size of numbers from several future nano which overly aimed at high-density memory. When 
it becomes a size field so that quantum influence may appear in conduction strongly like the 10 nanometer size of 
numbers from several nano, the element architecture which draws a line is needed with the former. It is hoped that 
the memory using magnetism may be able to propose the new element and the new circuit of transmitting spin 
information directly or controlling transmission spin directly since the information on the spin which is a quantum 
is stored as memory. [0003] [Problem (s) to be Solved by the Invention] In order to transmit the information on 
spin directly until now, allotting an ultra- thin tunnel barrier between the magnetic substance like the conventional 
TMR element, and using a polarization spin tunnel phenomenon can only be realized. Now, a new circuit which 
controls transmission spin directly cannot be formed. [0004] To this technical problem, this invention lengthens 
the transmission path of spin and aims at offering the magnetic resistance element realized by providing a 
transmission path with the desirable material and desirable arrangement using the conductor which enables 
conduction like a barricade stick, and its example of device composition. [0005] [Means for Solving the Problem] 
In order to solve the aforementioned technical problem, this invention The inside of at least two magnetic substance. 
The 1st magnetic substance with which the magnetization rotation suppression layer touched, and the 2nd magnetic 
substance which is not in contact with the aforementioned magnetization rotation suppression layer have touched 
through at least one conductor. And it is the magnetic resistance element characterized by resistance changing with 
change of the magnetization relative angle of the two magnetic substance which sandwiches the aforementioned 
conductor. It can use as various magnetic devices, such as magnetic memory which records and reads information, 
and a recon figure skating bull circuit using resistance change of the magnetoresistance-effect section, by using as 
the free magnetic substance the magnetic substance which is not in contact with the aforementioned magnetization 
rotation suppression layer. [0006] Moreover, as this invention sandwiches the 1st magnetic substance, the 
aforementioned magnetization rotation suppression layer, and insulator with which the magnetization rotation 
suppression layer touched between at least two magnetic substance, it is allotted. And the 2nd magnetic substance 
which is not in contact with the aforementioned magnetization rotation suppression layer has touched through at least 
one conductor. And it is the magnetic resistance element by which it is characterized [ which is characterized by 
resistance changing with change of the magnetization relative angle of the two magnetic substance which sandwiches 
the aforementioned conductor ]. It can use as various magnetic devices, such as magnetic memory which records 
and reads information, and a recon figure skating bull circuit using resistance change of the magnetoresistance-effect 
section, by using as the free magnetic substance the magnetic substance which is not in contact with the 
aforementioned magnetization rotation suppression layer. [0007] Moreover, the 2nd magnetic substance with which 
this invention is not in contact with the 1st magnetic substance and the aforementioned magnetization rotation 
suppression layer which the magnetization rotation suppression layer touched between at least two magnetic 
substance has touched through at least one conductor. It is the magnetic resistance element characterized by the 
electric resistance between the two magnetic substance into which at least one of the aforementioned conductors 
inserts the aforementioned conductor by pouring or induction of an electron or a hole changing. It can use as various 
magnetic devices, such as magnetic memory which records and reads information, and a recon figure skating bull 
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circuit using resistance change of the magnetoresistance-effect section, by using as the free magnetic substance the 
magnetic substance which is not in contact with the aforementioned magnetization rotation suppression layer. [0008] 
It is desirable that a magnetization rotation suppression layer consists of at least one chosen from the 
antiferromagnetic substance, the laminating ferrimagnetic substance, or the high holding power magnetic substance 
about this invention. [0009] Moreover, it is desirable to use a carbon tube as a conductor in one operation form. 
[0010] Moreover, it is desirable to use Si thin line as a conductor in one operation form. [0011] Moreover, as for 
this invention, the 1st magnetic substance with which the magnetization rotation suppression layer touched between 
at least two magnetic substance, and the 2nd magnetic substance which is not in contact with the aforementioned 
magnetization rotation suppression layer constitute the layered product through at least one conductor. And it is the 
magnetic resistance element characterized by resistance changing with change of the magnetization relative angle 
of the two magnetic substance which sandwiches the aforementioned conductor. It can use as various magnetic 
devices, such as magnetic memory which records and reads information, and a recon figure skating bull circuit using 
resistance change of the magnetoresistance-effect section, by using as the free magnetic substance the magnetic 
substance which is not in contact with the aforementioned magnetization rotation suppression layer. [0012] It is 
desirable to use a carbon tube as a conductor in one operation form also here. [0013] Furthermore, this invention 
operates as magnetic memory equipped with two or more magnetic resistance elements, meanses of the magnetic 
field seal of approval to the 2nd magnetic substance of the above, and meanses read the magnetization direction of 
the 2nd magnetic substance of the above, respectively, and is arranged on the solid state switch element accumulated 
on the semiconductor substrate, and magnetic memory which is connected to the solid state switch element section 
at least at the time of the readout of the magnetic memory using the magnetic resistance element of this invention 
or writing, and operates can be realized. [0014] [Embodiments of the Invention] The magnetic resistance element 
of this invention is explained using drawing. [0015] First, drawing 1 consists of a magnetization rotation 
suppression layer, the 1st magnetic layer, the 2nd magnetic layer, and a conduction layer. A conduction layer here 
is prepared as a conduction layer in which a spin polarization electron can mainly conduct in barricade stick, without 
seldom receiving dispersion. The 2nd magnetic layer with which the 1st magnetic layer which touched the 
magnetization rotation suppression layer is not in contact as the fixed bed constitutes the magnetic resistance element 
as a free layer. In case resistance of an element is detected, it carries out to the 1st magnetic layer and the 2nd 
magnetic layer by arranging an electrode object. When a magnetization rotation suppression layer is also a conductor 
like drawing 1 , you may arrange an electrode object on a magnetization rotation suppression layer. [0016] The 
1st magnetic layer is touching a magnetization rotation suppression layer, and it is desirable to join together 
magnetically and to make magnetization rotation difficult. As for the magnetization quick wit suppression layer in 
this case, it is desirable that it is the multilayer of the high holding power magnetic substance, the laminating 
ferrimagnetic substance, the antiferromagnetic substance or the laminating ferrimagnetic substance, and the 
antiferromagnetic substance. [0017] As the high holding power magnetic substance of the aforementioned 
composition, the material whose holding power, such as CoPt, FePt, CoCrPt, CoTaPt, FeTaPt, and FeCrPt, is 100 
or more Oes is desirable. [0018] Moreover, as the antiferromagnetic substance, PtMn, PtPdMn, FeMn, IrMn, 
NiMn, etc. are desirable. [0019] Moreover, it is desirable to use Cu, Ag, Au, Ru, Rh, Ir, Re, Os or the alloy of 
these metals, and an oxide as a non-magnetic material as the magnetic substance which has the multilayer structure 
of the magnetic substance and non-magnetic material, and is used as the laminating ferrimagnetic substance here, 
using FeCo containing Co or Co, CoFeNi, CoNi, CoZrTa, CoZrB, a CoZrNb alloy, etc. [0020] On the other hand, 
the 2nd magnetic layer realizes easy magnetization rotation compared with the 1st magnetic layer, and uses it as 
a free magnetic layer. [0021] When the bias seal of approval of the two magnetic substance which carried out spin 
polarization is carried out through the conductor in which the conduction like a barricade stick is possible, change 
of the magnetization relative angle between the two magnetic substance can be detected as the resistance change. 
This is considered to be the phenomenon in which conduct spin dispersion, without seldom receiving, are the 
connected magnetic-substance interface, and the spin polarization electron transmitted in the inside of a barricade 
stick conductor happens since it is reflected depending on the direction of spin polarization. [0022] In this case, 
by [ which carry out a free magnetic layer ] touching in a magnetization rotation suppression layer like this 
invention, considering as a fixed magnetic layer and having not touched another side in a magnetization rotation 
suppression layer, a magnetization relative angle is made clear, as a result, high power is obtained, and things are 
made. [0023] Drawing 2 shows typically the situation of operation of the magnetic resistance element of the 
foundations shown by drawing 1 . 

[0024] Like drawing 2 (a) and drawing 2 (b) , the current value which flows for an element when that is not right 
falls under a constant-voltage bias seal of approval compared with the case where each magnetization direction of 
the two magnetic substance is parallel. [0025] Moreover, under a constant-current bias seal of approval, the voltage 
which flows for an element when that is not right increases like drawing 2 (c) and drawing 2 (d) compared with 
the case where each magnetization direction of the two magnetic substance is parallel. [0026] Here as a material 
used for the 1st magnetic layer or the 2nd magnetic layer Fe, Co, nickel, a FeCo alloy, a NiFe alloy, a CoNi alloy, 
aNiFeCo alloy, or FeN, FeTiN, FeAlN, FeSiN, FeTaN, FeCoN, FeCoTiN, FeCo(aluminum, Si) N, and FeCoTaN 
etc. - a nitride - TMA represented by an oxide, carbide, a boride, and the fluoride magnetic substance (T) At least 
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one sort chosen from Fe, Co, and nickel and M At least one sort chosen from Mg, calcium, Ti, Zr, Hf, V, Nb, 
Ta, Cr, aluminum, Si, Mg, germanium, and Ga and A At least one sort chosen from N, B, O, F, and C, or (Co, 
Fe) M (at least one sort as which M was chosen from Ti, Zr, Hf, V, Nb, Ta, Cu, and B), Or FeCr, FeSiAl, FeSi, 
and FeAl, FeCoSi, FeCoAl, and FeCoSiAl, tangent line (T was chosen from Fe, Co, and nickel - at least one sort) 
represented by FeCoTi, Fe(nickel) (Co) Pt, Fe (nickel), and (Co) Pd, Fe(nickel) (Co) Rh, Fe(nickel) (Co) Ir, Fe 
(nickel), and (Co) Ru, FePt, etc. L Cu, Ag, Au, Pd, and Pt, Rh, Ir, Ru, Os, and Ru, Si, germanium, aluminum, 
Ga, Cr, and Mo, at least one sort chosen from W, V, Nb, Ta, Ti, Zr, Hf, La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, 
Dy, Ho, Er, Tm, Yb, and Lu etc. a ferromagnetic ~ moreover ~ or Fe 304 or XMnSb (at least one as which 
X was chosen from nickel, Cu, and Pt), LaSrMnO, LaCaSrMnO, the half metal material represented by Cr02, or 
QDA (Q was chosen from Sc, Y, a lanthanoids, Ti, Zr, Hf, Nb, Ta, and Zn at least one sort) At least one sort 
and D as which A was chosen from C, N, O, F, and S RDA, such as at least one sort chosen from V, Cr, Mn, 
Fe, Co, and nickel or GaMnN, AlMnN, GaAlMnN, and AlBMnN (R) One sort and D which were chosen from 
B, aluminum, Ga, and In V, Cr, Mn, Fe, Co, and nickel from - one selected sort and A have spinel type oxides, 
such as a magnetic semiconductor represented by one etc. sort chosen from As, C, N, O, P, and S or a perovskite 
type oxide, and a ferrite, and a desirable garnet type oxide [0027] Moreover, although any are sufficient as long 
as an insulator is insulating material, Mg, Ti, Zr, Hf, V, Nb, Ta, and Cr are included. Ila-VIa, La and Ce are 
included. A lanthanoids, Zn, B, aluminum, Ga, and Si are included. The element chosen from Ilb-IVb and the thing 
which was chosen from F, O, C, N, and B and which are a compound with an element or a polyimide, and 
phthalocyanine system organic molecule material at least are desirable. [0028] Moreover, in order to use as a small 
barricade stick conductor of spin dispersion as a conductor, as for both the width of face of a conductor, and 
thickness, it is desirable that it is lOOnm or less. As for especially the width of face and thickness of a conductor, 
for operation near the room temperature, it is more desirable that it is 50nm or less. It is desirable to use a carbon 
tube as a conductor which has such a property. Although a carbon tube exists variously from a monolayer to a 
multilayer thing, any may be used for it here. Moreover, it is desirable to use Si thin line in which the width of 
face of lOnm of numbers carried out the high concentration carrier dope from several nm. Moreover, you may 
constitute as a conductor the channel portion formed in the MOS (Metal-Oxide-Semiconductor) type FET (field- 
effect transistor) structure or MES (Metal -Semiconductor) type FET structure created using the semiconductor base. 
As for the source section and the drain section, in that case, it is desirable to consist of the magnetic substance, and, 
as for the magnetic substance, it is still more desirable that it is a magnetic semiconductor. Moreover, as for the 
length of a conductor, it is desirable that it is [ Inm or more ] lOOOnm or less. [0029] Moreover, as long as the 
start and resistivity are the material of 100 or less microomegacm about nonmagnetic conductivity material, and Cu, 
aluminum, Ag, Au, Pt and TiN as a desirable material, any are sufficient as an electrode object. To especially a 
carbon tube, Au or Cr/Au is desirable. [0030] Moreover, a part of magnetization rotation suppression layer is 
arranged on an insulating base like drawing 3 (a) as a form of one operation, and between the 2nd magnetic 
substance and the two magnetic substance is arranged and constituted so that a conductor may cross the 1st magnetic 
substance on it and it may cross a level difference configuration on an insulating base. Conduction **** here is 
prepared as a conductor which performs conduction like a barricade stick, and constitutes a magnetic resistance 
element. The 2nd magnetic substance with which the 1st magnetic substance which touched the magnetization 
rotation suppression layer has not touched as the fixed bed constitutes the magnetic resistance element as a free 
layer. [0031] Under the present circumstances, it is desirable that the edge of the magnetization rotation suppression 
layer arranged on an insulating base is formed with an inclination like drawing 3 (b). Thus, it is desirable, when 
it has arranged and the thickness of a conductor can control by the angle. Especially, 70 degrees is suitable from 
25 degrees in the angle preferably. When it was this range, the reappearance student was the best and the magnetic 
resistance element has been created. When using a carbon tube and it is in this range, bending [ edge / of a carbon 
tube ] has the desirable influence which the conduction property has few. In this case, you may be a slant-face 
configuration with the curved surface in this desirable angle range. [0032] Moreover, a part of insulator is arranged 
on a magnetization rotation suppression layer, in between the 1st magnetic substance and the two magnetic 
substance, it is arranged and drawing 3 (c) is constituted so that a conductor may cross a level difference 
configuration so that the 2nd magnetic substance and a magnetization rotation suppression layer may be directly 
touched on it. A conductor here is formed as a conductor which performs conduction like a barricade stick. The 
2nd magnetic substance with which the 1st magnetic substance which touched the magnetization rotation suppression 
layer has not touched as the fixed bed constitutes the magnetic resistance element as a free layer, and is desirable. 
[0033] When a conductor touches a magnetization rotation suppression layer directly, as for a magnetic field rotation 
suppression layer, it is desirable that they are a semiconductor or an insulator. [0034] Here, in drawing 3 (e) of 
drawing 3 (a), drawing 3 (f) of drawing 3 (b) shows [ drawing 3 (d) ] the appearance of the upper surface plot plan 
of drawing 3 (c), respectively. [0035] A magnetization rotation suppression layer is formed in part into a 
nonmagnetic base, a conductor is arranged on it at the 1st magnetic substance, it is arranged between the 2nd 
magnetic substance and the two magnetic substance right above [ insulating-base ], and drawing 4 (a) is constituted. 
A conductor here is formed as a conductor which performs conduction like a barricade stick. The 2nd magnetic 
substance with which the 1st magnetic substance which touched the magnetization rotation suppression layer has not 
touched as the fixed bed constitutes the magnetic resistance element as a free layer. [0036] At least two or more 
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magnetic layers are formed in part into a nonmagnetic base, a conductor is arranged between two magnetic layers 
among those, a magnetization rotation suppression layer is arranged and drawing 4 (b) is constituted by the part on 
the 1st magnetic layer. A conductor here is formed as a conductor which performs conduction like a barricade stick. 
The 2nd magnetic layer with which the 1st magnetic layer which touched the magnetization rotation suppression 
layer is not in contact as the fixed bed constitutes the magnetic resistance element as a free layer. [0037] Under 
the present circumstances, the direction which the laminating of the magnetic substance is further carried out [ 
direction ] like drawing 4 (c) so that a conductor may be put by the upper and lower sides on the 1st magnetic layer, 
and contacts a magnetization rotation suppression layer on it is still more desirable although the 1st magnetic 
substance is used as the fixed bed. Moreover, as for the magnetic substance arranged on the 1st magnetic substance 
and the 2nd magnetic substance, it is desirable that it is the metal magnetic substance, and this arrangement is 
desirable [ the magnetic substance ] in electric contact being easy to be obtained. [0038] Moreover, like drawing 
4 (d), at least two or more magnetic layers are formed in part into a nonmagnetic base, a conduction layer is formed 
betweien two magnetic layers among those, and the magnetization rotation suppression layer is arranged and 
constituted by the part on the 1st magnetic layer. A conductor here is formed as a conduction layer which performs 
conduction like a barricade stick. The 2nd magnetic layer with which the 1st magnetic layer which touched the 
magnetization rotation suppression layer is not in contact as the fixed bed constitutes the magnetic resistance element 
as a free layer. [0039] As for the magnetization rotation suppression layer formed into the nonmagnetic base shown 
by drawing 4 (a), it is desirable to be formed in the magnetic semiconductor which has ferromagnetism or 
antiferromagnetism. Under the present circumstances, as for this magnetic semiconductor, what has a substrate and 
at least one element of the same kind, and has the crystal structure of the same kind is desirable. [0040] It is 
desirable that conduction between the 1st magnetic layer and the 2nd magnetic layer is performed mainly through 
a conductor in the magnetic resistance element shown by drawing 4 (a), drawing 4 (b), drawing 4 (c), and drawing 
4 (d), and, as for the meaning to a nonmagnetic base, it is desirable that they are an insulating substrate or a 
semiconductor substrate. [0041] As for the 1st magnetic layer and the 2nd magnetic layer which are formed into 
the nonmagnetic base shown by drawing 4 (b), drawing 4 (c), and drawing 4 (d), being formed in the magnetic 
semiconductor which has ferromagnetism is desirable. Under the present circumstances, as for this magnetic 
semiconductor, what has a substrate and at least one element of the same kind, and has the crystal structure of the 
same kind is desirable. [0042] When a conductor touches a magnetization rotation suppression layer directly also 
here, as for a magnetic field rotation suppression layer, it is desirable that they are a semiconductor or an insulator. 
[0043] Drawing 5 shows the magnetic resistance element constituted as a 3 terminal element. [0044] The electrode 
object is arranged through the insulator on the conductor for the gate electric-field seal of approval. Here, the drain 
section and 2nd magnetic-substance side is shown for the 1st magnetic-substance side as the source section for 
convenience. [0045] Although any are sufficient as long as it is insulating material as an insulator arranged between 
the gate electrode and the conductor Mg, Ti, Zr, Hf, V, Nb, Ta, and Cr are included especially. The lanthanoids 
and Zn containing Ila-VIa, La, and Ce, B, aluminum, Ga, and Si are included. The element chosen from Ilb-IVb, 
It is desirable that is a compound with an element at least for having been chosen out of F, O, C, N, and B. 
Moreover, you may be phthalocyanine system organic molecule material. [0046] Drawing 6 shows typically the 
situation of operation of the magnetic resistance element of 3 terminal structures of the foundations shown by 
drawing 5 . [0047] Like drawing 6 (a), when the magnetization direction of the 1st magnetic layer and the 2nd 
magnetic layer is parallel and the seal of approval of the gate voltage is not carried out, a spin polarization electron 
is transmitted in a conductor and current tends to flow between the magnetic substance in the bottom which carried 
out the seal of approval of the fixed voltage bias between the magnetic substance. On the other hand, like drawing 
6 (b), when the seal of approval of the gate voltage is carried out, induction of the carrier is carried out to a 
conductor, and the amount of current between the magnetic substance detected falls by urging spin dispersion. Under 
the present circumstances, the resistance of an element to a gate voltage changes like drawing 21 (a). [0048] 
Moreover, like drawing 6 (c), when the magnetization directions of the 1st magnetic layer and the 2nd magnetic 
layer are anti -parallel, it sets. When not carrying out the seal of approval of the gate voltage, a spin polarization 
electron cannot be easily transmitted in a conductor, under a fixed voltage bias seal of approval While current could 
not flow easily between the magnetic substance, when the seal of approval of the gate voltage is carried out like 
drawing 6 (d), induction of the carrier is carried out to a conductor, and the amount of current between the increase 
of an electron which carried out spin reversal in efficiency, and the magnetic substance detected increases by urging 
spin dispersion. Under the present circumstances, the resistance of an element to a gate voltage changes like drawing 
21 (b). [0049] As shown in drawing 7 (a), the electrode object for electric-field seals of approval can allot and 
constitute the magnetic resistance element of such 3 terminal structures through an insulator on the conductor of 
drawing 3 (a). Here, although shown using drawing 3 (a), even if it uses drawing 3 (b) and drawing 3 (c), a 3 
terminal element can be constituted. [0050] Moreover, the electrode object for electric-field seals of approval can 
allot and constitute through an insulator like drawing 7 (b) on the conductor of drawing 4 (a) . Here, although shown 
using drawing 4 (a), even if it uses drawing 4 (b) and drawing 4 (c), a 3 terminal element can be constituted. 
[0051] Moreover, the electrode object for electric-field seals of approval can allot and constitute through an insulator 
like drawing 7 (c) on the conductor of drawing 4 (d). Here, the channel portion formed in MES structure which 
minded an MOS structure or the Schottky barrier functions as a conductor. As for the source section and the drain 
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section, in that case, it is desirable to consist of the magnetic substance, and, as for the magnetic substance, it is 
still more desirable that it is a magnetic semiconductor. [0052] Furthermore, it is desirable even if it allots not only 
arrangement of drawing 5 but the gate polar zone like drawing 7 (d). [0053] here ~ a magnetic semiconductor ~ 
QDA (Q was chosen from Sc, Y, a lanthanoids, Ti, Zr, Hf, Nb, Ta, and Zn - at least one sort) At least one sort 
and D as which A was chosen from C, N, O, F, and S RDA, such as at least one sort chosen from V, Cr, Mn, 
Fe, Co, and nickel or GaMnN, AlMnN, GaAlMnN, and AlBMnN (R) one sort and D which were chosen from B, 
aluminum, Ga, and In - V, Cr, Mn, Fe, Co, and nickel from ~ one selected sort and A are chosen from what is 
represented by one etc. sort chosen from As, C, N, O, P, and S [0054] Drawing 8 shows the situation of the 
magnetic resistance element which used the barricade stick conduction by the layered product. [0055] The 
composition which bears barricade stick conduction between the 2nd magnetic layer which is not in contact with 
the 1st magnetic substance which touched the magnetization rotation suppression layer like drawing 8 (a) and which 
********(ed) is shown. Such composition may arrange and constitute many conductors like drawing 8 (b). 
Moreover, it is desirable to arrange and constitute a nonmagnetic insulator like drawing 8 (c) around many 
conductors. [0056] Moreover, it is effective, even if it carries out the point contact of the 2nd magnetic substance 
to the 1st magnetic substance and constitutes it like drawing 8 (d). Furthermore, since the same effect is acquired 
even if it forms the narrow field which was made to elongate the magnetic substance like drawing 8 (e) as another 
gestalt, and was narrow in part, it is desirable. As for the extension portion in this case, it is desirable that it is at 
least 50nm or less. In these cases, a contact portion or an extension portion is in a superparamagnetism state, and 
functions mainly as a barricade stick conductor. [0057] When using a carbon tube as a conductor shown by drawing 
8 (a) , drawing 8 (b) , and drawing 8 (c) , it is desirable to use the buffer layer suitable for carbon tube orientation 
film creation, and functioning also as a magnetic film is most desirable. As a magnetic film here, Fe, Co, and nickel 
are suitable to carbon tube orientation, and it is especially FexCoyNiz as a magnetic resistance element of this 
invention. (0.1 < = x< =1.0, 0< =y < =0.8, 0< = z< =0.9, x + y + z=l) Using is still more desirable. [0058] 
The composition of the above-mentioned this invention is realizable using a usual thin film process and a usual 
micro-processing process. To formation of each magnetic layer, an antiferromagnetism layer, a layer insulation 
layer, an electrode, etc., it is producible by PVD, such as the sputtering methods, such as a pulse laser deposition 
(PLD), an ion beam deposition (IBD), a cluster-ion beam or RF, DC and efficient consumer response, Helicon, 
ICP, or an opposite target, MBE, and the ion plating method, other CVD(s) and plating, or the sol gel process. 
[0059] Moreover, as micro processing, it can attain by physical or combining a chemical etching method and the 
photo lithography technology which used the stepper, the EB method, etc. for detailed pattern formation, such as 
ion milling used in a semiconductor process, a GMR head production process, etc., and RIB, FIB. Moreover, it 
is also effective to use CMP and cluster-ion beam etching for surface flattening, such as an electrode. [0060] 
Moreover, by using the magnetic resistance element of the aforementioned composition, the magnetic memory which 
obtains high power at the time of read-out is producible. [0061] The example of the magnetic memory using the 
magnetic resistance element of the above-mentioned composition as a memory device is shown in drawing 12 . As 
an element used as memory, which composition of the magnetic resistance element of the aforementioned 
composition may be used, the intersection of the bit line which is a record line made based on Cu or aluminum as 
an element is represented by M (i, j) of drawing 12 , and a word line — a matrix ~ it is arranged like and signaling 
information is recorded by 2 current coincidence method using the synthetic magnetic field generated when the 
signal current is passed on each line When the distance over the record layer of the element of a bit line and a word 
line differs, the seal of approval of the current is carried out to a both line so that a magnetic field efficient for 
element operation may carry out a seal of approval to a record layer. [0062] Next, when the time of this addressing 
is accelerated, inductive-coupling current or capacitive joint current may occur to a record line smell, and the cross 
talk of gestalt with one [ another ] more may arise because the interval between record lines narrows. As one 
method of suppressing these, as shown in drawing 17 , it is desirable to prepare the tie grounded between record 
lines. Drawing 17 (a) shows the case of the arrangement which puts a magnetic resistance element like drawing 17 
(b) as another gestalt, when the tie has been horizontally arranged to a word line. It is easy to concentrate at the 
free layer whose magnetic field is a record layer in the case of drawing 17 (b) and is desirable. Moreover, in order 
for wiring thickness to become large compared with wiring width of face and to have a longwise cross-section 
configuration as detailed-ization progresses, combination is easy to take and is more desirable [ arrangement like 
drawing 17 (a) ]. When such a tie is realized in the magnetic memory device of drawing 13 (b), wiring arrangement 
serves as composition like drawing 18 . [0063] First, in drawing 13 and drawing 14 , it explains to the basic 
example of write-in operation by the current of a magnetic memory device, and reading operation just. In addition, 
in each drawing, the magnetic resistance element shown in drawing 1 as an example is used as a memory device. 
[0064] By drawing 13 (a) and drawing 13 (b), in order to read the magnetization state of an element individually, 
the composition which prepared the switching device represented by FET for every element is shown. This magnetic 
memory can be easily constituted on a CMOS substrate. Moreover, drawing 13 (c) and drawing 13 (d) show the 
composition which used the nonlinear element or the rectifying device for every element. Here, a varistor, and a 
tunnel element or 3 terminal element of the aforementioned composition may be used for a nonlinear element. This 
magnetic memory can only increase the membrane formation process of diode etc. , and can produce a substrate also 
on a cheap ** glass substrate. Here, the example in the case of drawing 13 (a) and drawing 13 (c) having arranged 
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two record layers in the upper part of an element, and having arranged both drawing 13 (b) and drawing 13 (d) in 
the upper part and the lower part of an element is shown. Moreover, in drawing 14 , it is considering as the 
composition by which an element is arranged at the intersection of a direct word line and a bit line not using the 
switching device for isolation as shown in each drawing of drawing 13 , or the rectifying device. Therefore, in 
drawing 14 , in order that current may flow ranging over two or more elements at the time of read-out, it is 
desirable from the precision of read-out that they are 10000 or less elements. In 10000 or more elements, an output 
is no longer obtained enough. [0065] Although each drawing of drawing 13 shows the case where it uses together 
with the sense line which a bit line passes current for an element and reads resistance change, respectively, in order 
to prevent the malfunction and element destruction by bit current, you may prepare a sense line and a bit line 
separately. As for a bit line, at this time, it is desirable to be the position electrically insulated with the element, 
and to arrange to a sense line and parallel. Moreover, as for the distance between a word line, a bit line, and a 
memory cell, in current writing, it is desirable that it is about 500nm or less from the point of power consumption. 
[0066] Next, the example of the cellular structure of the multilayer-interconnection memory which performs the 
writing by the current magnetic field to drawing 15 and drawing 16 is shown. Drawing 15 is the multilayer 
interconnection produced on the switching device represented by FET, and drawing 16 shows the multilayer 
interconnection formed through the rectifying device or nonlinear element represented by diode and the tunnel 
element. A switching device, a rectifying device, or a nonlinear element carries out the work which performs 
electric separation of adjoining elements. When it is a multilayer interconnection without these electric separation 
elements, it is necessary to take the architecture which makes 1 block the aggregate of the memory cell of the 10000 
maximum numbers from sense sensitivity. [0067] Moreover, at the time of output detection of the magnetic 
resistance element explained here, it is realizable by using a detector like drawing 19 . For example, it is desirable, 
when wiring resistance and criteria element resistance can be canceled, it accumulates and high S/N-ization can be 
easily realized by taking an output difference with the comparison resistance including wiring resistance. [0068] 
When magnetic memory is constituted, comparison resistance can constitute desired magnetic memory, if it arranges 
as drawing 20 showed, [0069] To the word line and bit line for magnetic field generating which are used here, 
conductivity is high, and it is desirable to them that critical current density mainly uses Cu strong against 106-107 
A/cm2 and electromigration. Furthermore, mainly using the carbon tube which is 109 A/cm2 also has critical 
current density effective in high magnetic field generating, and it is desirable. [0070] Furthermore, the example 
of concrete operation is shown below. [0071] (Example 1) The thin line of Si was first created using SOI (Silicon 
on Insulator) / Si02 substrate. [0072] The SOI layer thin-film-ized by thermal oxidation and wet etching was 
oxidized thermally, and SOI (20)/SiO2 (25) was formed. Here, Si02 (25) themselves was used as a resist object, 
EB (electron beam) processing was given, and thin-line pattern drawing which has the width of face of five to 50 
nm was performed. The amount of Dose(s) used for drawing in this case was 1-10 C/cm2. It carried out to 
development using buffered fluoric acid (HF = 0.2 mol/1, NH4 = 0.2 mol/1). Then, RIE (reactive ion etching) was 
performed, the SOI layer was processed, again, the SiO two-layer of a resist object was removed using buffered 
fluoric acid, and the thin line of Si of desired 5-50nm size was obtained. Then, thermal diffusion of Lynn using PSG 
(Lynn silicic-acid glass) was performed about about 10 minutes at 800 degrees C, it doped to the whole thin line, 
and conductivity was given. Carrier concentration in this case was set to 1017-1021/cm3. Furthermore, after Si thin- 
line creation, the insulating oxide film of about 1 - 5nm was created by thermal oxidation in the thin-line front face. 
Then, instant thermal oxidation was performed for the thin amorphous silicon layer, and Si dot whose path is about 
2 - lOnm was formed on the thin line. Thereby, induction of the effect of single electronic char JINGU is carried 
out, and the KOTONNERU conduction effect is expected barricade stick-wise. The usual organic resist object was 
deposited on this micro-processing portion ( drawing 9 (a)), plural spatters were used on it, and the sample was 
produced in the following ways. [0073] Sample ITa(l) / CoFe(15) / Ta (15) (the unit in a parenthesis is nm) As 
shown in this sample as shown in drawing 9 (b) through processes, such as a lift off, at drawing 9 (c), the 
arrangement configuration was acquired, and the arrangement also created the structure of drawing 9 (e) through 
the same photolithographic process after the antiferromagnetic substance PtMn(45) deposition ( drawing 9 (d)) as 
a magnetization rotation suppression layer. The element was completed by finally, arranging electrode object Ta(5) 
/ Cu (200) / Ta (50), as shown in drawing 9 (f). [0074] The seal of approval of the magnetic field was carried out 
from the exterior to the created element, and the electrical property between electrode objects was evaluated. The 
seal of approval of the seal of approval of a magnetic field was carried out in parallel with the longitudinal direction 
of a thin line. The size of the thin line at the time of evaluating was about 250nm in width of face of lOnm, the 
thickness of 20nm, and length. [0075] The magnetic-reluctance rate of change observed at the room temperature 
in the element which processed the sample 1 was about 8%. [0076] In order to evaluate an effect more notably, 
when it carried out under low temperature (5K), magnetic-reluctance rate of change was a maximum of 30%. 
[0077] Here, although the process shown in drawing 9 realized element processing, if the element for which not 
only this but ** has the same structure is realizable, this invention will not be restricted to this in order to 
demonstrate a desired effect. [0078] Moreover, although CoFe was used as the magnetic substance here, magnetic- 
reluctance change was observed also in Fe, Co, nickel, a FeCo alloy, a NiFe alloy, a CoNi alloy, a NiFeCo alloy 
or FeCr, FeSiAl, FeSi, FeAl, FeCoSi, FeCoAl, FeNiPt, FePd, FeRh, Feir, FeRu, FePt, and FeV. [0079] 
Moreover, as a conductor, although Cu was mainly used, even if it used aluminum, Ag, Au, and Pt, magnetic- 
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reluctance change was observed. [0080] Moreover, as the antiferromagnetic substance, although PtMn was used, 
even if it used PtPdMn, FeMn, IrMn, and NiMn, magnetic-reluctance change was observed. [0081] (Example 2) 
On Si/Si02 substrate, it arranges in the position of a request of a carbon tube within ****** ^ and an electrode 
configuration pattern is beforehand formed in a resist. Besides, SiO two-layer was deposited and the reverse pattern 
of an electrode configuration was formed in the lift off after that. [0082] Next, the sample was produced in the 
following ways using plural spatters. [0083] Sample 2AuCr(0 or 0.5)/CoFe (45)/Ta(15) sample 3AuCr(0 or 
0.5)/AlO(0.5)/CoFe(45) / Ta (15) (a unit is nm) And the element as finally shown in drawing 1 was completed 
using the photolithographic method shown in drawing 9 as fundamental technique. [0084] Here, as for a length of 
about 250nm in the minimum section, and width of face and height, between the magnetic substance was about 3nm 
in a part for the diameter of a carbon tube, using a monolayer carbon tube as a conductor. Si02 (200nm) was used 
as an insulator for the protection on a conductor. PtMn (60) was used as the antiferromagnetic substance, Ta(5) / 
Cu (200) / Ta (50) was used as an electrode object, and the element was completed. [0085] In addition, the value 
in AlO ((of)) showed the total value of the design thickness of aluminum before oxidation treatment, and repeated 
and produced oxidizing aluminum in oxygen content atmosphere after 0.3 - 0.7nm membrane formation in fact. In 
this example, 0.5nm aluminum is oxidized and it is creating. [0086] The seal of approval of the magnetic field was 
carried out from the exterior to the created element, and the electrical property between electrode objects was 
evaluated. The seal of approval of the seal of approval of a magnetic field was carried out in parallel with the 
longitudinal direction of a thin line. [0087] In the element which processed the sample 2, the magnetoresistance 
effect was observed at the room temperature. [0088] In order to evaluate an effect more notably, when it carried 
out under low temperature (5K), magnetic-reluctance rate of change was a maximum of 12% (refer to drawing 22 
). [0089] Moreover, the magnetoresistance effect was observed also in the element which processed the sample 3. 
[0090] When carried out under low temperature (5K), magnetic-reluctance rate of change was a maximum of 22%. 
It has suggested that the direction at the time of minding an insulator between the carbon tubes which are the 
magnetic substance and a conductor is efficient, and pouring of a spin polarization electron is possible. [0091] 
Here, although the process shown in drawing 9 realized element processing, if the element for which not only this 
but ** has the same structure is realizable, this invention will not be restricted to this in order to demonstrate a 
desired effect. [0092] Moreover, although CoFe was used as the magnetic substance here, magnetic-reluctance 
change was observed also in Fe, Co, nickel, a FeCo alloy, a NiFe alloy, a CoNi alloy, a NiFeCo alloy, a NiFeCo- 
cyanogen complex or FeN, FeTiN, FeAIN, FeSiN, FeTaN, FeCoN, FeCoTiN, FeCoAlSiN, FeCoTaN or CoFeV, 
CoFePt, CoFeTa, and CoFeB. [0093] Since the same effect is acquired as a conductor even if it uses a multilayer 
carbon tube although the monolayer carbon tube was used here, it does not restrict to this. The width of face of the 
tube in this case is 2nm - about 30nm. [0094] Moreover, as an electrode object, although Cu was mainly used, 
even if it used aluminum, Ag, Au, and Pt, magnetic-reluctance change was observed. [0095] Moreover, as the 
antiferromagnetic substance, even if it used not only PtMn but PtPdMn, FeMn, IrMn, and NiMn, magnetic- 
reluctance change was observed. [0096] Or since one side of a magnetic electrode had high coercive force on 
parenchyma even if it arranges CoPt which is the high holding power magnetic substance instead of the 
antiferromagnetic substance, FePt, CoCrPt, CoTaPt, FeTaPt, and FeCrPt, a desired magnetic-reluctance change 
has been observed. [0097] (Example 3) The sample was produced in the following ways using plural spatters on 
the Si/Si02 substrate. [0098] Sample 4NiO(50) / Ta (5) (a unit is nm) And a method photolithographic as 
fundamental technique is used. After processing the film of a sample 4 into a desired pattern and carrying out the 
spatter of the Ta of the sample 4 film upper layer using a reverse spatter after that The carbon tube has been 
arranged in the position of the processing edge of sample 4 film within ****** on it, AuCr(0 or 0.5) /AlO (0.5) /CoFe 
(30nm) / Ta (15) was deposited and processed as a magnetic film, and the element of arrangement of drawing 3 
(b) was completed. It is most suitable to make the angle of the slant face at this time into 70 degrees from 25 
degrees. When it was this range, the reappearance student was the best and the magnetic resistance element has been 
created. When using a carbon tube and it is in this range, bending [ edge / of a carbon tube ] has the desirable 
influence which the conduction property has few. [0099] As for a length of about 250nm in the minimum section, 
and width of face and height, between the magnetic substance was about 3nm in a part for the diameter of a carbon 
tube here, using a monolayer carbon tube as a conductor. Si02 (200nm) is used as an insulator for the protection 
on a conductor. The element was completed using Ta(5) / Cu (200) / Ta (50) as an electrode object. [0100] as this 
example shows, the direction which pattemizes beforehand in the antiferromagnetism layer which is a magnetization 
rotation suppression layer, and arranges a conductor on it completes an element — arrangement of drawing 1 ~ eye 
a simple hatchet - it is desirable when the direction of arrangement of drawing 3 (b) performs micro processing 
of a conductor, and when [ furthermore, ] arranging in a minute position ~ arrangement of drawing 3 (a) - eye 
a simple hatchet - it is desirable <BR> [0101] The seal of approval of the magnetic field was carried out from 
the exterior, and the electrical property between electrode objects was evaluated. [0102] In the element which 
processed the sample 4, the magnetoresistance effect was observed at the room temperature. [0103] In order to 
evaluate an effect more notably, when it carried out under low temperature (5K), magnetic-reluctance rate of change 
was a maximum of 22%. [0104] Here, although the process shown in drawing 9 realized element processing, if 
the element for which not only this but ** has the same structure is realizable, this invention will not be restricted 
to this in order to demonstrate a desired effect. [0105] Then, insulating body membrane Si02 for protection to the 
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carbon tube top which is the conductor of the element which processed and created the sample 4 (lOOnm) Instead, 
the gate electrode for electric-field seals of approval has been arranged through another insulator. The used insulator 
used Cu phthalocyanine film (50nm) / Cu (150) / Ta (50) as a phthalocyanine film (5nm) and an electrode object. 
[0106] When the electric-field seal of approval was changed from -IV to 5V, the magnetic-reluctance change was 
measured at the room temperature using the gate electrode, an electric-field seal of approval is zero and the 
magnetization direction of both magnetic layers gathers, the property that resistance becomes low compared with 
except [ it ] is shown. When behavior with a magnetic-reluctance change complicated when IV seal of approval of 
the electric field is carried out from 0 was shown and the magnetization direction gathered by the case, resistance 
did not necessarily become low. Furthermore, if the seal of approval of the electric field is carried out, magnetic- 
reluctance change will no longer be seen by about 5 V. Thereby, a magnetic-reluctance property is controllable by 
the electric-field seal of approval. [0107] Moreover, although CoFe was used as the magnetic substance here, even 
if it used Fe, Co, nickel, the FeCo alloy, the NiFe alloy, the CoNi alloy, and the NiFeCo alloy, magnetic-reluctance 
change was observed. [0108] Moreover, although the phthalocyanine was used as an insulator of the gate section, 
the advantage in which the affinity of both carbon tube and phthalocyanine was very good here, and a contact 
interface could create smoothly was checked. [0109] Moreover, as an electrode object, although Cu was mainly 
used, even if it used aluminum, Ag, Au, and Pt, magnetic-reluctance change was observed. [0110] Moreover, 
although insulating NiO was used as the antiferromagnetic substance, even if it used alpha-Fe 203, CrO/NiO, and 
RFe03 (R is rare earth elements and is La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, and Yb), magnetic- 
reluctance change was observed. [0111] (Example 4) By the same technique as an example 1, the thin line of Si 
was first created using S0I/Si02 substrate. [0112] After obtaining the thin line of Si of desired 5-50nm size, 
thermal diffusion of Lynn using PSG (Lynn silicic-acid glass) was performed about about 10 minutes at 800 degrees 
C, it doped to the whole thin line, and conductivity was given. Carrier concentration in this case was set to 1019- 
/cm3. Furthermore, after Si thin-line creation, the about 2.5nm insulating oxide film was created by thermal 
oxidation in the thin-line front face. Furthermore, after Si thin-line creation, the insulating oxide film of about 1 - 
5nm was created by thermal oxidation in the thin-line front face. Then, instant thermal oxidation was performed 
for the thin amorphous silicon layer, and Si dot whose path is about 2 - lOnm was formed on the thin lirte. Thereby, 
the effect of single electronic char JINGU is expected. Besides about 20 - lOOnm of TEOS (tetrapod ethoxy run) 
films was deposited, and the poy-Si gate was further created as a gate electrode on this. The created gate width was 
created by ten to 100 nm using the detailed-ized technology of 02 ashing. As a type of this example, it was about 
40nm. The usual organic resist object was deposited on this micro-processing portion, plural spatters were used on 
it, and the sample was produced in the following ways. [0113] Sample 5Ta(l) / CoFe(15) / Ta (15) (the unit in 
a parenthesis is nm) Creation x)f an element was performed like the time of an example 1 according to the process 
of drawing 9 . The element was completed by finally, arranging electrode object Ta(5) / Cu (200) / Ta (50), as 
shown in drawing 9 (f). Moreover, PtMn (50) was used as the antiferromagnetic substance. [0114] The seal of 
approval of the magnetic field was carried out from the exterior to the created element, and the electrical property 
between electrode objects was evaluated under the gate electric-field seal of approval. The seal of approval of the 
seal of approval of a magnetic field was carried out in parallel with the longitudinal direction of a thin line. [0115] 
When the electric-field seal of approval was changed from -IV to 5 V, the magnetic-reluctance change was measured 
at the room temperature using the gate electrode, an electric-field seal of approval is zero and the magnetization 
direction of both magnetic layers gathers, the property that resistance becomes low compared with except [ it ] is 
shown. When behavior with a magnetic-reluctance change complicated when IV seal of approval of the electric field 
is carried out from 0 was shown and the magnetization direction gathered by the case, resistance did not necessarily 
become low. Furthermore, if the seal of approval of the electric field is carried out, magnetic-reluctance change 
will no longer be seen by about 5 V. Thereby, a magnetic-reluctance property is controllable by the electric-field 
seal of approval. [0116] The magnetic-reluctance rate of change observed at the room temperature in the element 
which processed the sample 5 was about 8%. [0117] In order to evaluate an effect more notably, when it carried 
out under low temperature (5K), magnetic-reluctance rate of change was a maximum of 30%. [0118] Here, 
although the process shown in drawing 9 realized element processing, if the element for which not only this but ** 
has the same structure is realizable, this invention will not be restricted to this in order to demonstrate a desired 
effect, [0119] Moreover, although CoFe was used as the magnetic substance here, magnetic-reluctance change was 
observed also in Fe, Co, nickel, a FeCo alloy, a NiFe alloy, a CoNi alloy, a NiFeCo alloy or FeCr, FeSiAl, FeSi, 
FeAl, FeCoSi, FeCoAl, FeNiPt, FePd, FeRh, Feir, FeRu, FePt, and FeV. [0120] Moreover, as a conductor, 
although Cu was mainly used, even if it used aluminum, Ag, Au, and Pt, magnetic-reluctance change was observed. 
[0121] Moreover, as the antiferromagnetic substance, although PtMn was used, even if it used PtPdMn, FeMn, 
IrMn, and NiMn, magnetic-reluctance change was observed. [0122] (Example 5) On Si/Si02 substrate, it arranges 
in the position of a request of a carbon tube within and an electrode configuration pattern is beforehand 

formed in a resist. Besides, SiO two-layer was deposited and the reverse pattern of an electrode configuration was 
formed in the lift off after that. [0123] Next, the sample was produced in the following ways using plural spatters. 
[0124] Sample 6AuCr(0 or 0.5)/AlO(0.5)/CoFe(45) / Ta (15) (a unit is nm) And the element as finally shown in 
drawing 7 (d) was completed using the photolithographic method shown in drawing 9 as fundamental technique. The 
Si02 gate oxide film of the thermal oxidation which is a nonmagnetic insulator is about 100 to 300 nm, and used 
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Si substrate as a gate electrode. [0125] Here, as for a length of about 150nm in the minimum section, and width 
of face and height, between the magnetic substance was about 3nm in a part for the diameter of a carbon tube, using 
a monolayer carbon tube as a conductor. Si02 (ZOOnm) was used as an insulator for the protection on a conductor. 
PtMn (60) was used as the antiferromagnetic substance, Ta(5) / Cu (200) / Ta (50) was used as an electrode object, 
and the element was completed. [0126] In addition, the value in AlO ((of)) showed the total value of the design 
thickness of aluminum before oxidation treatment, and repeated and produced oxidizing aluminum in oxygen content 
atmosphere after 0.3 - 0.7nm membrane formation in fact. In this example, 0.5nm aluminum is oxidized and it is 
creating. [0127] The seal of approval of the magnetic field was carried out from the exterior to the created element, 
and the electrical property between electrode objects was evaluated. The seal of approval of the seal of approval 
of a magnetic field was carried out in parallel with the longitudinal direction of a thin line. [0128] In the element 
which processed the sample 6, the magnetoresistance effect was observed at the room temperature. [0129] When 
carried out under low temperature (5K), magnetic-reluctance rate of change was a maximum of 20%. The seal of 
approval of the magnetic field was carried out from the exterior to the created element, and the electrical property 
between electrode objects was evaluated under the gate electric-field seal of approval. The seal of approval of the 
seal of approval of a magnetic field was carried out in parallel with the longitudinal direction of a thin line. [0130] 
When the electric-field seal of approval was changed from -IV to 5 V, the magnetic-reluctance change was measured 
at the room temperature using the gate electrode, an electric-field seal of approval is zero and the magnetization 
direction of both magnetic layers gathers, the property that resistance becomes low compared with except [ it ] is 
shown. When behavior with a magnetic-reluctance change complicated when IV seal of approval of the electric field 
is carried out from 0 was shown and the magnetization direction gathered by the case, resistance did not necessarily 
become low. Furthermore, if the seal of approval of the electric field is carried out, magnetic-reluctance change 
will no longer be seen by about 5 V. Thereby, a magnetic-reluctance property is controllable by the electric-field 
seal of approval. [0131] Moreover, although CoFe was used as the magnetic substance here, magnetic-reluctance 
change was observed also in Fe, Co, nickel, a FeCo alloy, a NiFe alloy, a CoNi alloy, a NiFeCo alloy, a NiFeCo- 
cyanogen complex or FeN, FeTiN, FeAlN, FeSiN, FeTaN, FeCoN, FeCoTiN, FeCoAlSiN, FeCoTaN or CoFeV, 
CoFePt, CoFeTa, and CoFeB. [0132] Since the same effect is acquired as a conductor even if it uses a multilayer 
carbon tube although the monolayer carbon tube was used here, it does not restrict to this. The width of face of the 
tube in this case is 2nm - about 30nm. [0133] Moreover, as an electrode object, although Cu was mainly used, 
even if it used aluminum, Ag, Au, and Pt, magnetic-reluctance change was observed. [0134] Moreover, as the 
antiferromagnetic substance, even if it used not only PtMn but PtPdMn, FeMn, IrMn, and NiMn, magnetic- 
reluctance change was observed. [0135] Or since one side of a magnetic electrode had high coercive force on 
substance even if it arranges CoPt which is the high holding power magnetic substance instead of the 
antiferromagnetic substance, FePt, CoCrPt, CoTaPt, FeTaPt, and FeCrPt, a desired magnetic-reluctance change 
has been observed. [0136] (Example 6) The plural molecular-beams epitaxy technique was used on the GaAs (001) 
substrate, and the sample was produced in the following ways. [0137] Sample 7GaAs(100)/MnAs(15) sample 
8GaAs(100)/MnAs (50) (a unit is nm) A substrate is made to defecate under the atmosphere by As flux irradiation 
at about 600 degrees C, it was made to deposit in the elevated temperature of about 600 degrees C by having made 
the GaAs layer into the buffer layer, and the MnAs layer was made to once deposit after slight Mn flux irradiation 
by the 200-250-degree C basis on it to a GaAs substrate with this sample. Deposited MnAs makes the field (-1101) 
the growth side. Moreover, from magnetization measurement of the film made to deposit, it was checked that both 
easy axes have the [-110] GaAs direction in both samples. [0138] Using photolithographic technique as shown in 
this sample at drawing 9 , it forms in the pattern configuration of a request of a positive resist as mask material, 
and is processed into the thin film of the samples 7 and 8 which are the magnetic substance so that it may become 
a resist pattern configuration using the dry etching by argon ion irradiation. Furthermore, a conductor is deposited 
on it and a desired configuration is acquired by the lift off. Moreover, a case performs configuration processing here 
using the photolithographic technique that the conductor was further explained here when it was required to make 
barricade stick conduction into the configuration to manage. Moreover, it also checked that it did not matter even 
if it performs direct configuration processing using the associated equipment suitable for micro processing, such as 
a clock short hand of an electron beam, a converged type ion beam, and scanned type tunnel-current observation 
equipment accompanying, of course. Furthermore, by the case, when passivation is required, an insulator layer is 
deposited on a conductor. [0139] Here, the used conductor is Au (lOnm) film, and is electronic dew in exposure 
about a positive resist as mask material. The conductor performed a length of about 80nm in the minimum section, 
and, as for width of face, the minimum section processed magnetic inter-electrode one ] it in about lOnm, An 
insulator layer is Si02. (lOOnm) It used. [0140] Next, the sample 7 and the sample 8 gave deposition and 
processing for PtMn (60) as the antiferromagnetic substance, gave deposition and processing for Ta(5) / Pt (200) 
/ Ta (50) as an electrode object, and realized structure of drawing 9 (f). [0141] The seal of approval of the 
magnetic field was carried out from the exterior, and the electrical property between electrode objects was 
evaluated. [0142] The magnetoresistance effect was observed in the element which processed the sample 7 and the 
sample 8. [0143] In order to evaluate an effect more notably, when it carried out under the room temperature 
(300K), magnetic-reluctance rate of change was a maximum of 11% in the sample 6 a maximum of 10% in the 
sample 5. Furthermore in the bottom of low temperature (5K), magnetic-reluctance rate of change was a maximum 
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of 20% in the sample 8 a maximum of 18% in the sample 7. [0144] Furthermore, using a monolayer carbon tube 
as a conductor, a length of about 250nm in the minimum section, and width of face and height realized composition 
of the same drawing 9 (f) in about 20nm, and between the magnetic substance evaluated the electrical property by 
composition of a sample 8. [0145] The magnetoresistance effect was observed also in this element. [0146] When 
carried out under the room temperature (300K), the magnetic-reluctance rate of change of magnetic-reluctance rate 
of change was a maximum of 22% under low temperature (5K) further a maximum of 13%. [0147] Here, although 
the process shown in drawing 9 realized element processing, if the element for which not only this but ** has the 
same structure is realizable, this invention will not be restricted to this in order to demonstrate a desired effect. 
[0148] Moreover, although MnAs which is manganese PUNIKUTAIDO (Mn-V group element) as the magnetic 
substance here was used MnSb of the same kind or QDA (Q was chosen from Sc, Y, a lanthanoids, Ti, Zr, Hf, 
Nb, Ta, and Zn - at least one sort) At least one sort and D as which A was chosen from C, N, O, F, and S RDA, 
such as at least one sort chosen from V, Cr, Mn, Fe, Co, and nickel or GaMnN, AlMnN, GaAlMnN, and AlBMnN 
(R) one sort and D which were chosen from B, aluminum, Ga, and In ~ V, Cr, Mn, Fe, Co, and nickel from ~ 
even if one selected sort and A use what is represented by one etc. sort chosen from As, C, N, O, P, and S, 
magnetic-reluctance change is checked [0149] Moreover, as a conductor, although Cu was mainly used, even if 
it used aluminum, Ag, and Ft, magnetic-reluctance change was observed. [0150] Moreover, as the 
antiferromagnetic substance, although PtMn was used, even if it used PtPdMn, FeMn, IrMn, and NiMn, magnetic- 
reluctance change was observed. [0151] (Example 7) The plural molecular-beams epitaxy technique was used on 
the GaAs (001) direction substrate, and the sample was produced in the following ways. [0152] Sample 
9GaAs(100)/MnAs(15) sample 10GaAs(100)/MnAs (50) (a unit is nm) Make a substrate defecate in an atmosphere 
according a GaAs substrate to As flux irradiation at about 600 degrees C, it was made to deposit in the elevated 
temperature of about 600 degrees C by having made the GaAs layer into the buffer layer on it, and the MnAs layer 
was made to deposit with this sample by carrying out little irradiation of the As flux, and irradiating Mn after that 
at further 200-250 degrees C, in addition to As irradiation. Deposited MnAs makes the field (-1100) the growth 
side. From magnetization measurement of the film made to deposit, it was checked that the easy axis has the [110] 
GaAs direction in both samples of both. [0153] The process same with having been shown in the example 5 among 
this sample at the sample 9 realized structure of drawing 9 (f). [0154] The used conductor is Au (lOnm) film, and 
is electronic dew in exposure about a positive resist as mask material. The conductor performed a length of about 
80nm in the minimum section, and, as for width of face, the minimum section processed [ magnetic inter-electrode 
one ] it in about lOnm. An insulator layer is Si02, (lOOnm) It used. PtMn (60) was used as the antiferromagnetic 
substance and Ta(5) / Pt (200) / Ta (50) was used as an electrode object. [0155] The seal of approval of the 
magnetic field was carried out from the exterior, and the electrical property between electrode objects was 
evaluated. [0156] The magnetoresistance effect was observed in the element which processed the sample 7. [0157] 
In order to evaluate an effect more notably, when it carried out under the room temperature (300K), the magnetic- 
reluctance rate of change of magnetic-reluctance rate of change was a maximum of 25% under low temperature (5K) 
further a maximum of 13%. [0158] On the other hand, it turns out that a sample 10 is mainly the antiferromagnetic 
substance from the result of magnetization measurement. Then, the film of a sample 8 is processed into a desired 
configuration using photolithographic technique, CoFe is deposited and processed as the magnetic substance on it, 
Au (lOnm) film is used as a conductor, and it is electronic dew in exposure about a positive resist as mask material. 
It is an insulator layer Si02 on it. (lOOnm) It deposited. Composition of drawing 3 (b) was realized using Ta(5) / 
Pt (200) / Ta (50) as an electrode object. [0159] The seal of approval of the magnetic field was carried out from 
the exterior also here, and the electrical property between electrode objects was evaluated. [0160] The 
magnetoresistance effect was observed in the element which processed the sample 10. [0161] When carried out 
under the room temperature (300K), the magnetic-reluctance rate of change of magnetic-reluctance rate of change 
was a maximum of 28% under low temperature (5K) further a maximum of 16%. [0162] Furthermore, using a 
monolayer carbon tube as a conductor, a length of about 250nm in the minimum section, and width of face and 
height realized composition of drawing 3 (b) in about 20nm, and between the magnetic substance evaluated the 
electrical property by composition of a sample 10. [0163] CoFe was used as the magnetic substance and Ta(5) / 
Pt (200) / Ta (50) was used as an electrode object. [0164] The magnetoresistance effect was observed also in this 
element. [0165] When carried out under the room temperature (300K), the magnetic-reluctance rate of change of 
magnetic-reluctance rate of change was a maximum of 38% under low temperature (5K) further a maximum of 
18%. [0166] Moreover, although MnAs was used as the magnetic substance of a sample 9 here MnSb of the same 
kind or QDA (Q was chosen from Sc, Y, a lanthanoids, Ti, Zr, Hf, Nb, Ta, and Zn — at least one sort) At least 
one sort and D as which A was chosen from C, N, O, F, and S RDA, such as at least one sort chosen from V, Cr, 
Mn, Fe, Co, and nickel or GaMnN, AlMnN, GaAlMnN, and AlBMnN (R) one sort and D which were chosen from 
B, aluminum, Ga, and In - V, Cr, Mn, Fe. Co, and nickel from - even if one selected sort and A use what is 
represented by one etc. sort chosen from As, C, N, O, P, and S, magnetic-reluctance change is checked [0167] 
Moreover, although MnAs was used as what shows antiferromagnetism according to membrane formation conditions 
like a sample 10, this is considered that the structural distortion and pressure are acting on change of magnetic 
property greatly. Therefore, even if it used the matter which has the antiferromagnetism caused by distortion and 
pressure induction, or carrier pouring as a magnetization rotation suppression layer, it was checked that this 
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invention is realizable. [0168] Moreover, although CoFe was used as the magnetic substance in the sample 10, even 
if it used Fe, Co, nickel, the FeCo alloy, the NiFe alloy, the CoNi alloy, and the NiFeCo alloy, magnetic-reluctance 
change was observed. [0169] Moreover, as a conductor, although Pt was mainly used, even if it used aluminum, 
Ag. and Cu, magnetic-reluctance change was observed. [0170] Moreover, as the antiferromagnetic substance, 
although PtMn was used, even if it used PtPdMn, FeMn, IrMn, and NiMn, magnetic-reluctance change was 
observed. [0171] (Example 8) The plural molecular-beams epitaxy technique was used on the GaAs (001) direction 
substrate, and the sample was produced in the following ways. As an example 7 shows, in the magnetic resistance 
element shown in the example 7 which drawing 3 (b) constituted from composition of a sample 10, using a 
monolayer carbon tube as a conductor, the gate electrode for electric-field seals of approval has been arranged 
through an insulator to some conductors like drawing 10 (this composition applies to the composition of drawing 
7 (a) correspondingly). The typical values of d in this example and D are 30nm and 250nm. [0172] When carried 
out under the room temperature (300K), magnetic-reluctance rate of change showed the electric field effect like 
drawing 11 by the gate electric-field seal of approval a maximum of 18% by the gate electric-field zero state, and 
magnetic-reluctance change also became zero in gate-voltage 6V. [0173] Moreover, although MnAs was used as 
the magnetic substance of a sample 7 here MnSb of the same kind or QDA (Q was chosen from Sc, Y, a 
lanthanoids, Ti, Zr, Hf, Nb, Ta, and Zn - at least one sort) At least one sort and D as which A was chosen from 
C, N, O, F, and S RDA, such as at least one sort chosen from V, Cr, Mn, Fe, Co, and nickel or GaMnN, AlMnN, 
GaAlMnN, and AlBMnN (R) one sort and D which were chosen from B, aluminum, Ga, and In ~ V, Cr, Mn, Fe, 
Co, and nickel from ~ even if one selected sort and A use what is represented by one etc. sort chosen from As, 
C, N, 0, P, and S, magnetic-reluctance change is checked [0174] Moreover, although MnAs was used as what 
shows antiferromagnetism according to membrane formation conditions as shown in the example 7, this is 
considered that the structural distortion and pressure are acting on change of magnetic property greatly. Therefore, 
even if it used the matter which has the antiferromagnetism caused by distortion and pressure induction, or carrier 
pouring as a magnetization rotation suppression layer, it was checked that this invention is realizable. [0175] 
Moreover, although CoFe was used as the magnetic substance in the sample 10, even if it used Fe, Co, nickel, the 
FeCo alloy, the NiFe alloy, the CoNi alloy, and the NiFeCo alloy, magnetic- reluctance change was observed. 
[0176] Moreover, as a conductor, although Pt was mainly used, even if it used aluminum, Ag, and Cu, magnetic- 
reluctance change was observed. [0177] Moreover, as the antiferromagnetic substance, although PtMn was used, 
even if it used PtPdMn, FeMn, IrMn, and NiMn, magnetic-reluctance change was observed. [0178] (Example 9) 
By using the ion-implantation technique to a GaAs (001) substrate top, the pouring-among GaAs substrate field of 
Mn ion was created. Mn ion was generated in the spatter. Mn ion produced in the spatter was drawn in the ion 
acceleration section, and it poured into the depth field from a GaAs substrate front face to about 50nm by about 100 
keVs of acceleration voltage further. It is thought that a pouring carrier is about about 5.5% as x amounts converted 
as As (Gal-xMnx) about [ about 4xl020cm - ] by three. The Curie temperature estimated from magnetization 
measurement was about lOOK. [0179] On the base in which such ferromagnetism was formed, it has arranged in 
the position of a request of a carbon tube within ******, and after that, PtMn (50nm) was deposited and processed 
on one pouring field, and the element with the composition of drawing 4 (b) was created. [0180] It is an insulator 
layer Si02 on the carbon tube which is a conductor. (lOOnm) Moreover, as an electrode object, Ta(5) / Pt (200) 
/ Ta (50) was used. [0181] The seal of approval of the magnetic field was carried out from the exterior, and the 
electrical property between electrode objects was evaluated. [0182] When measured under low temperature (5K), 
magnetic-reluctance rate of change was a maximum of 10%. [0183] Then, insulating body membrane Si02 for 
protection to the carbon tube top which is the conductor of the element which processed and created the sample of 
the created this example (lOOnm) Instead, the gate electrode for electric-field seals of approval has been arranged 
through an insulator. The used insulator used Ta(5) / Cu (200) / Ta (50) as a phthalocyanine film (50nm) and an 
electrode object. [0184] When the electric-field seal of approval was changed from -IV to 5V, the magnetic- 
reluctance change was measured using the gate electrode, an electric-field seal of approval is zero and the 
magnetization direction of both magnetic layers gathers, the property that resistance becomes low compared with 
except [ it ] is shown. When behavior with a magnetic-reluctance change complicated when IV seal of approval of 
the electric field is carried out from 0 was shown and the magnetization direction gathered by the case, resistance 
did not necessarily become low. Furthermore, if the seal of approval of the electric field is carried out, magnetic- 
reluctance change will no longer be seen by about 5 V. Thereby, a magnetic-reluctance property is controllable by 
the electric-field seal of approval. [0185] Moreover, although As was used as the magnetic substance (Ga, Mn) 
here QDA(s) (Q was chosen from Sc, Y, a lanthanoids, Ti, Zr, Hf, Nb, Ta, and Zn - at least one sort), such as 
ZnDO or AIDN At least one sort and D as which A was chosen from C, N, O, F, and S RDA, such as at least one 
sort chosen from V, Cr, Mn, Fe, Co, and nickel or GaMnN, AlMnN, GaAlMnN, and AlBMnN (R) one sort and 
D which were chosen from B, aluminum, Ga, and In — V, Cr, Mn, Fe, Co, and nickel from — even if one selected 
sort and A use what is represented by one etc. sort chosen from As, C, N, O, P, and S, magnetic-reluctance change 
is checked [0186] Moreover, as a conductor, although Cu was mainly used, even if it used aluminum, Ag, Au, 
and Pt, magnetic-reluctance change was observed. [0187] Moreover, as the antiferromagnetic substance, although 
PtMn was used, even if it used PtPdMn, FeMn, IrMn, and NiMn, magnetic-reluctance change was observed. 
[0188] (Example 10) On porous Si substrate which **********ed electrochemically and was created using acetylene 
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gas, Fe (50) was made in the desired place to carry out patterning in electron beam evaporation, and it was 
crowded. This Fe film works as a catalyst of a carbon tube orientation film. Carbon supply by methane is mainly 
performed, and orientation of the carbon tube created using CVD is carried out so that a longitudinal direction may 
stand to a film surface in the shape of a Fe film. Moreover, it turns out that Fe of a catalyst has adhered at the nose 
of cam of the carbon tube which carried out orientation. Ta [ CoFe(50) / PtMn(50) / ] (15)/Au (200) was made to 
deposit on this by electron beam evaporation and the spatter, and the laminating type element using the carbon tube 
was created. [0189] The seal of approval of the magnetic field was carried out from the exterior, and the electrical 
property between electrode objects was evaluated. [0190] In the processed elem^t, the magnetoresistance effect 
was observed at the room temperature. [0191] In order to evaluate an effect more notably, when it carried out 
under low temperature (5K), magnetic-reluctance rate of change was a maximum of 9%, [0192] Moreover, 
although Fe and FeCo were used as the magnetic substance here, even if it uses nickel, Co, or a NiCoFe alloy, 
while there is a catalysis, magnetic- reluctance change is checked. [0193] Moreover, as the antiferromagnetic 
substance, although PtMn was used, even if it used PtPdMn, FeMn, IrMn, and NiMn, magnetic-reluctance change 
was observed. [0194] Or since one side of a magnetic electrode had high coercive force on parenchyma even if 
it arranges CoPt which is the high holding power magnetic substance instead of the antiferromagnetic substance, 
FePt, CoCrPt, CoTaPt, FeTaPt, and FeCrPt, a desired magnetic-reluctance change has been observed. [0195] 
(Example 11) Accumulation memory was produced by the memory device of basic composition as shown on a 
CMOS substrate at drawing 12 . The element array made 16x16 memory 1 block, and could be a total of 8 blocks. 
Here, sample llTa(l) / CoFe(15) / Ta (15) was used for the element with (b) composition of drawing 13 . [0196] 
The element cross section of a sample is 0.2micrometerx0.3micrometer, a free magnetic layer is set to NiFe (2), 
and the configuration is made into drawing 23 (a). [0197] Moreover, all of a word line, a bit line, etc. used Cu. 
[0198] By the synthetic magnetic field of a word line and a bit line, flux reversal of each free magnetic layer was 
simultaneously performed to eight elements of eight blocks, and the every 8 bits signal was recorded. Next, it was 
attached to each block, and turned on at a time the one gate of FET produced with CMOS, and sense current was 
passed. At this time, the comparator compared the bit line within each block, an element and the voltage generated 
in FET, and dummy voltage, and 8-bit information was simultaneously read in the output voltage of each element. 
[0199] The ratio of the major axis of the free magnetic layer in this case and a minor axis set to 1 .5:1 (a major axis 
is 0.2 micrometers), and produced the accumulation memory which changed the configuration into drawing 23 (a) - 
(e) . The power consumption which record of such memory takes was about about 3 of the configuration of drawing 
23 (a) / five to 1/2 in the configuration of (b) - (e) of drawing 23 . [0200] [Effect of the Invention] As explained 
above, according to this invention, the two magnetic substance has touched through at least one conductor. By 
constituting the magnetic resistance element characterized by resistance changing with change of the magnetization 
relative angle of the two magnetic substance with which a magnetization rotation suppression layer touches **, and 
only one side sandwiches the aforementioned conductor between the two magnetic substance It can use as the 
magnetic memory which records and reads information, and various magnetic devices using resistance change of 
the magnetoresistance-effect section by using as the free magnetic substance the magnetic substance which is not 
in contact with the aforementioned magnetization rotation suppression layer. For this reason, the property of the 
stress, acceleration sensor or heat sensor which detects the reproducing head of magnetic recording media, such as 
a magneto-optic disk used for the conventional information communication terminal etc., a hard disk, a digital data 
streamer tape drive (DDS), and digital VTR, and a cylinder, the magnetic sensor for rotational-speed detection of 
an automobile etc., magnetic memory (MRAM), stress change, acceleration change, etc., a chemical reaction 
sensor, etc. can be raised. 

CLAIMS 

[Claim(s)] [Claim 1] The magnetic resistance element characterized by resistance changing with change of the 
magnetization relative angle of the two magnetic substance which the 1st magnetic substance with which the 
magnetization rotation suppression layer touched between at least two magnetic substance, and the 2nd magnetic 
substance which is not in contact with the aforementioned magnetization rotation suppression layer have touched 
through at least one conductor, and sandwiches the aforementioned conductor. [Claim 2] The magnetic resistance 
element carry out as the feature carry out that resistance changes by change of the magnetization relative angle of 
the two magnetic substance which the 2nd magnetic substance which is arranged as sandwiches the 1st magnetic 
substance, the aforementioned magnetization rotation suppression layer, and the insulator with which the 
magnetization rotation suppression layer touched between at least two magnetic substance, and is not in contact with 
the aforementioned magnetization rotation suppression layer has touched through at least one conductor, and inserts 
in the aforementioned conductor as the feature. [Claim 3] The magnetic resistance element characterized by the 
electric resistance between the two magnetic substance into which the 1st magnetic substance with which the 
magnetization rotation suppression layer touched between at least two magnetic substance, and the 2nd magnetic 
substance which is not in contact with the aforementioned magnetization rotation suppression layer are in contact 
with through at least one conductor, and at least one of the aforementioned conductors inserts the aforementioned 
conductor by pouring or induction of an electron or a hole changing. [Claim 4] The magnetic resistance element 
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according to claim 1 to 3 to which the aforementioned magnetization rotation suppression layer is characterized by 
the bird clapper from at least one chosen from the antiferromagnetic substance, the laminating ferrimagnetic 
substance, or the high holding power magnetic substance. [Claim 5] The magnetic resistance element according 
to claim 1 to 4 to which the aforementioned conductor is characterized by being Si thin line. [Claim 6] The 
magnetic resistance element characterized by resistance changing with change of the magnetization relative angle 
of the two magnetic substance which the 1st magnetic substance with which the magnetization rotation suppression 
layer touched between at least two magnetic substance, and the 2nd magnetic substance which is not in contact with 
the aforementioned magnetization rotation suppression layer constitute the layered product through at least one 
conductor, and sandwiches the aforementioned conductor. [Claim 7] The magnetic resistance element according 
to claim 1 to 6 to which the aforementioned conductor is characterized by being a carbon tube. [Claim 8] It is the 
magnetic memory characterized by to be the magnetic memory equipped with two or more magnetic resistance 
elements according to claim 1 to 7, and the meanses of the magnetic field seal of approval to the 2nd magnetic 
substance of the above and meanses to read the magnetization direction of the 2nd magnetic substance of the above, 
respectively, to arrange the aforementioned magnetic memory on the solid state switch element accumulated on the 
semiconductor substrate, and to connect it at least at the time of the readout of the aforementioned magnetic 
memory, or writing. 

[Translation done.] 
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